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Abstract: 

The  objective  of  the  project  is  to  develop  silicon-based  group  IV  hetero structure  lasers  by  the 
incorporation  of  another  group  IV  element  of  Sn.  We  have  made  significant  progress  toward  the 
milestones  described  in  the  proposal.  Optical  emitter  made  of  P-i-N  diode  with  direct  bandgap  is 
fabricated.  The  structure  has  been  characterized  by  various  measurements  to  establish  that  emitting 
layer  is  direct  bandgap.  We  are  forwarding  herewith  the  detection  of  emission  on  the  device,  if  this  is 
realized,  then  we  could  have  a  breakthrough  on  Si-based  optical  emitter. 

This  report  is  organized  as  following  sections: 

(a)  Material  growth 

(b)  P-i-N  heterostructure 

(c)  Characterization  on  the  structure 

(d)  Future  direction  of  work 

(e)  Publications 

(a)  Material  growth 

On  the  material  growth,  different  structures  are  grown  by  molecular  beam  epitaxy.  First,  we 
investigate  different  type  of  doping  in  GeSn  alloy  for  serving  as  p-  and  n-type  dopant.  Magneto-Hall 
measurement  is  performed  to  identify  the  dopant.  Then,  we  proceed  with  optical  emitter  made  of 
P-i-N  diode  using  the  growth  techniques  of  low  temperature  growth  and  virtual  buffer.  (For  a  detail 
description  of  these  techniques,  see  Local  intermixing  on  Ge/Si  heterostructures  at  low  temperature 
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growth,  H.  H.  Cheng,  W.  P.  Huang,  V.I.  Mashanov,  and  G.  Sun,  J.  Appl.  Phys.  108,  044314  (2010).) 
The  device  consists  of  four  layers:  (a)  a  Ge  layer  grown  at  low  temperature,  (b)  a  n-type  GeSn  virture 
substrate,  (c)  Ge  layer  grown  at  a  normal  temperature  of  600°C  and,  (d)  a  p-type  GeSn  layer.  The 
lattice  constant  of  Sn  is  about  15%  larger  than  that  of  Ge.  As  a  result,  the  Ge  layers  is  tensily  strained. 
Layer  (b)  and  (d)  serves  as  electrical  contact  for  the  diode.  Systematic  investigation  is  performed  on 
various  Sn  compositions  in  order  to  obtain  the  structure  with  a  direct-bandgap  emitting  layer. 

(b)  P-i-N  heterostructure 


In  the  literature,  the  photoluminescence  emission  intensity  of  Sn-based  group  IV  compounds  is 
weak  as  mainly  attributed  to  the  low  carrier  densities  excited  by  the  optical  pumping.  For  example, 
with  a  laser  of  about  10  mW,  the  excitation  gives  ~1010/cm3  carrier  in  the  sample.  This  is  several 
orders  of  magnitude  smaller  than  the  typical  carrier 
density  used  in  the  electrically  pumped  emission 
diode.  Thus,  a  p-i-n  diode  structure  would  give  a 
much  stronger  optical  signal.  The  p-i-n  diode  is 
fabricated  in  our  laboratory  and  the  structure  consists 
of  GeSn/Ge/GeSn  with  different  Sn  compositions.  A 
typical  cross-sectional  transmission  electron 
microscope  (TEM)  image  of  the  device  is  shown  in 
fig.  1. 

(c)  Characterization  on  the  structure 


50  nm 

Fig.  1.  TEM  image  of  the  device  made  of 
p-i-n  diode  structure. 


Various  measurements  have  been 
performed  to  characterize  these  samples, 
including  microstructure  analysis  of  high 
resolution  X-ray,  optical  spectroscopy,  etc. 
Here,  we  present  the  absorption  spectrum 
measured  by  Fourier  transform  infrared 
spectroscopy  (FTIR)  to  establish  the 
directness  of  the  energy  band  of  the  i-layer. 
The  spectra  with  different  Sn  compositions 
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Fig.  2.  Absorption  spectrum  of  the  i-layer  of  the 
p-i-n  diode. 


are  plotted  fig.  2.  The  absorption  edge  of  the  i-layer  (as  marked  by  the  solid  arrow)  shifts  to  lower 
energy  as  Sn  composition  increases.  From  the  analysis,  it  shows  that  the  energy  band  of  the  i-layer 
(Ge)  is  direct  as  Sn  >5.5%. 

(d)  Future  direction  of  work 

In  this  year,  we  focus  on:  (a)  exploring  the  p-i-n  diode  structure  for  practical  optical  emitter,  and 
(b)  characterization  of  the  structure  to  establish  a  direct  bandgap  emitting  layer.  In  the  next  stage,  we 
will  carry  out  emission  measurement  to  probe  possibility  of  using  the  diode  as  optical  emitter. 
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